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(54) SELF-CONTAINED BIOLOGICAL INDICATOR

(57) A biological sterilization indicator is disclosed
that in some embodiments comprises a housing having
a first enclosure and a second enclosure, an ampule con-
taining a liquid growth medium, and an insert disposed
at least partially in the first enclosure. A portion of the
ampule may be disposed inside the first enclosure. The
insert may have a platform including a top surface, an
abutment surface, and a side surface, as well as a first
void disposed in the platform and configured to allow pas-
sage of a first volume of the liquid growth medium into

the second enclosure and a second void disposed
through at least a portion of the side surface and config-
ured to allow passage of a second volume of the liquid
growth medium into the second enclosure. The second
void of the insert may be an angled cut through the abut-
ment surface and the side surface, which may be dis-
posed entirely beneath the top surface. In some embod-
iments, stress concentrators and other features are in-
cluded to reduce the force required to activate the bio-
logical sterilization indicator.
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Description

FIELD

[0001] The subject matter disclosed herein relates to
self-contained biological sterilization indicators.

BACKGROUND

[0002] Medical devices are typically sterilized before
use in order to minimize the likelihood that a contaminat-
ed device might be used on a subject, which could cause
an infection in the subject. Various sterilization tech-
niques may be employed, such as steam, hydrogen per-
oxide, and vapor phase sterilization, either with or without
a gas plasma and ethylene oxide (EtO). Each of these
methods depends to a certain extent on the diffusion
rates of the sterilization fluids, typically gases, upon the
medical devices to be sterilized.
[0003] Before sterilization, medical devices are typical-
ly packaged within containers or pouches having a semi-
permeable barrier that allows transmission of the steri-
lizing fluid-sometimes referred to as a sterilant-but pre-
vents admission of contaminating organisms, particularly
post-sterilization and until the package is opened by med-
ical personnel. For the sterilization cycle to be efficacious,
the contaminating organisms within the package must
be killed because any organisms that survive the sterili-
zation cycle could multiply and re-contaminate the med-
ical device.
[0004] Although the packaging helps prevent contam-
ination of a sterile medical device, the packaging may
increase the difficulty of achieving a successful steriliza-
tion cycle because the packaging impedes the sterilant
from reaching the device or instrument contained therein.
This is particularly problematic for devices and instru-
ments that have diffusion-restricted spaces therein be-
cause these diffusion-restricted spaces reduce the like-
lihood that a sterilization cycle may be effective. For ex-
ample, endoscopes typically have long narrow lumens
into which the sterilant must diffuse in sufficient concen-
tration for sufficient time to achieve a successful sterili-
zation cycle.
[0005] Confirming that a sterilization cycle has been
efficacious helps medical personnel avoid using a con-
taminated medical device on a subject. Typically, the
sterilized medical device is not itself checked for contam-
inating organisms because such an activity would intro-
duce other contaminating organisms to the medical de-
vice, thereby re-contaminating it. Thus, an indirect check
has been developed in the form of a sterilization indicator.
[0006] A sterilization indicator is a device that may be
placed alongside or in proximity to a medical device being
subject to a sterilization cycle, such that the sterilization
indicator is subject to the same sterilization cycle as the
medical device. For instance, a biological indictor having
a predetermined quantity of microorganisms possessing
known resistance to the sterilant may be placed into a

sterilization chamber alongside a medical device and
subjected to a sterilization cycle. After the cycle is com-
plete, the microorganisms in the biological indicator may
be cultured to determine whether any of the microorgan-
isms survived the cycle.
[0007] Certain biological indicators are referred to as
being "self-contained." These biological indicators typi-
cally include a housing that contains a quantity of micro-
organisms and a source of growth media in a frangible
container that is located near the microorganisms. Like
other biological indicators, the "self-contained" biological
indicator ("SCBI") may be subject to a sterilization cycle
alongside medical devices. Following the cycle, the fran-
gible container may be broken to release the growth me-
dia and culture any surviving microorganisms in situ. The
SCBI may be incubated at elevated temperatures, typi-
cally around 50°C to 60°C, which encourages outgrowth
of the surviving microorganisms. Incubation using com-
mercially available products typically lasts for about twen-
ty-four hours. During this time, while the effectiveness of
the sterilization remains unconfirmed, it is desirable that
medical personnel do not use the medical devices. This
may cause inventory management inefficiencies for a
health care provider, such as a hospital, because, for
example, the medical devices should be stored while they
cannot be used, perhaps requiring the health care pro-
vider to keep more medical devices in its inventory than
it otherwise would to ensure a sufficient supply of medical
devices. Alternatively, health care providers may use the
medical devices before the incubation is completed and
sterilization efficacy confirmed. However, using the med-
ical devices before sterilization efficacy has been con-
firmed may expose a subject of a medical procedure to
risk of infection from the medical devices.
[0008] After incubation, the SCBI is analyzed to detect
the presence of microorganisms. Should any microor-
ganisms be detected, the sterilization cycle may be con-
sidered to have been ineffective. Should no microorgan-
isms be detected, the sterilization cycle may be consid-
ered to have been effective. Some SCBIs are designed
to incorporate a growth medium that changes color in the
presence of microorganisms. This color change may be
due to a shift in pH that occurs due to acid production by
live microorganisms that metabolize a growth medium,
which also contains a pH indicating dye. Other SCBIs
are designed to incorporate a growth medium that in-
cludes a fluorophore whose fluorescence depends on
the amount of viable microorganisms contained in the
medium. For these SCBIs, a color change or change in
the amount of fluorescence indicates that surviving mi-
croorganisms may have multiplied during incubation.
[0009] The frangible container of the SCBI that con-
tains the liquid growth medium is often fabricated from
glass. The glass must be sufficiently robust to avoid
breakage during transportation, e.g., from the manufac-
turer of the SCBI to a health care provider. Such robust-
ness, however, corresponds to a greater force required
to break the ampule at the desired time by medical per-
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sonnel. Accordingly, some SCBI manufacturers provide
activation devices to hospital personnel to assist them in
breaking the ampule.
[0010] The microorganisms of the SCBI are often
placed on a carrier. The carrier may be fabricated from
various materials such as paper or glass fibers. The car-
rier may become damaged, particularly during transpor-
tation, if the components within the SCBI, such as the
frangible container, are not restrained from contacting
the carrier. For example, during transportation, the fran-
gible container may jostle within the SCBI, which may
cause the frangible container to repeatedly batter the car-
rier and damage it. Such damage may increase the like-
lihood that the carrier may become dislodged from a po-
sition in which it should be disposed for proper functioning
of the SCBI.
[0011] A color change or turbidity change in the liquid
growth medium of an SCBI may be determined visually
by individual health-care personnel, without the assist-
ance of automated equipment. Alternatively, a color
change, turbidity change, or a fluorescence change may
be determined by the assistance of automated equip-
ment incorporating color and/or fluorescence sensors.
The accuracy of such determinations may be diminished
by the presence of broken pieces of what was once the
frangible container that contained the growth medium be-
cause these pieces may block or partially occlude the
optical path between the SCBI and the sensor, or they
may change the wavelength of light or the amount of
fluorescence from the SCBI that the sensor may detect.
Furthermore, the broken pieces may prevent the full
amount of a required volume of growth medium from con-
tacting the carrier because they may contact the carrier,
thereby providing an obstruction between the growth me-
dium and the carrier. The broken pieces may also create
small volumes therebetween that contain, e.g., air, gas-
es, and vapors that may need to be displaced for a suf-
ficient quantity of the growth medium to reach the carrier.

SUMMARY

[0012] A biological sterilization indicator is disclosed
that in some embodiments comprises a housing having
a first enclosure and a second enclosure, an ampule con-
taining or adapted to contain a liquid growth medium, and
an insert disposed at least partially in the first enclosure.
In some embodiments, a portion of the ampule is dis-
posed inside the first enclosure and no portion of the
ampule being disposed inside the second enclosure. In
some embodiments, the insert has a platform including
a top surface, an abutment surface, and a side surface.
In some embodiments, the insert has a first void disposed
in the platform and configured to allow passage of a first
volume of the liquid growth medium into the second en-
closure. In some embodiments, the insert has a second
void disposed through at least a portion of the side sur-
face and configured to allow passage of a second volume
of the liquid growth medium into the second enclosure.

In some embodiments, the second void of the insert may
be an angled cut through the abutment surface and the
side surface. In some embodiments, the angled cut may
be disposed entirely beneath the top surface. In some
embodiments, the insert further includes a wall disposed
on the top surface of the platform. In some embodiments
the wall has a cylindrical form.
[0013] A biological sterilization indicator, particularly
one configured in accordance with at least some of the
embodiments described in the preceding paragraph,
may be used to perform a method that includes the steps
of providing the biological sterilization indicator, breaking
the ampule, allowing passage of the first volume of the
liquid growth medium through the first void, and allowing
passage of the second volume of the liquid growth me-
dium through the second void. The method may further
include the step of inhibiting a liquid lock from forming.
[0014] A biological sterilization indicator is disclosed
that in some other embodiments comprises a housing,
an ampule, a cap, a carrier, and an insert. In some of
these embodiments the housing has an inner side wall,
an inner bottom wall, a first enclosure, a second enclo-
sure, and a support in the inner side wall, wherein the
first enclosure is disposed above the support, and the
second enclosure is disposed between the inner bottom
wall and the support. In some of these embodiments the
ampule has a first end and a second end, and at least a
portion of the ampule is disposed inside the first enclo-
sure. In some of these embodiments the cap has an inner
surface and an outer surface, and the cap is disposed
on a portion of the housing that includes at least a portion
of the first enclosure. In some of these embodiments, the
carrier is disposed on the inner bottom wall. In some of
these embodiments the insert has a platform, which in-
cludes a top surface and an abutment surface. In some
of these embodiments the second end of the ampule is
disposed on the top surface and the abutment surface is
disposed on the support. In some of these embodiments
the insert has a leg that extends toward the inner bottom
wall. In some of these embodiments the leg has a length
that is less than the distance between the support and
the inner bottom wall such that there is a clearance be-
tween the carrier and leg. In some of these embodiments
the length of the leg is between approximately 0.1 and 2
millimeters less than the distance between the support
and the inner bottom wall. In some of these embodiments
the top surface of the platform includes at least three
stress concentrators and the second end of the ampule
contacts each of the at least three stress concentrators.
In some of these embodiments the ampule is disposed
within an annular projection originating on the inner sur-
face of the cap, which extends toward the second enclo-
sure of the housing. In some of these embodiments the
first end of the ampule is coupled to the annular projection
by a friction fit. In some of these embodiments the ampule
has an annular cross section with an outer diameter that
is between approximately 0.1 and 1 millimeters less than
an inner diameter of the annular projection. In some of
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these embodiments the inner surface of the cap contacts
the first end of the ampule.
[0015] A biological sterilization indicator is disclosed
that in still other embodiments comprises a housing, an
ampule, a cap, and an insert. In some of these embodi-
ments, the housing has a first enclosure, a second en-
closure, and a first wall including a support disposed be-
tween the first enclosure and the second enclosure. In
some of these embodiments, the ampule has a first end
and a second end, and at least a portion of the ampule
is disposed inside the first enclosure. In some of these
embodiments, the cap is disposed on a portion of the
housing that includes at least a portion of the first enclo-
sure, and the cap has an inner surface and an outer sur-
face. In some of these embodiments, the cap has an
insert having a platform, which is disposed upon the sup-
port. In some of these embodiments, the insert has a first
stress concentrator, a second stress concentrator, and
a third stress concentrator. In some of these embodi-
ments, each stress concentrator is disposed on the plat-
form and each contacts the second end of the ampule.
In some of these embodiments, the insert further includes
a second wall originating on the platform and extending
away from the second enclosure.
[0016] In further embodiments of the still other embod-
iments in which the biological sterilization indicator in-
cludes at least a first stress concentrator, a second stress
concentrator, and a third stress concentrator, each stress
concentrator has a triangular form that includes a base
portion, a height portion, and a hypotenuse portion. In
some of these embodiments, each base portion contacts
the platform, each height portion contacts the second
wall, and each hypotenuse portion contacts the second
end of the ampule. In some of these embodiments, the
angle between the platform and the hypotenuse portion
of the first stress concentrator is different than the angle
between the platform and the hypotenuse portion of the
second stress concentrator. In some of these embodi-
ments the angle between the platform and the hypote-
nuse portion of the first stress concentrator is different
than the angle between the platform and the hypotenuse
portion of the third stress concentrator, and the angle
between the platform and the hypotenuse portion of the
second stress concentrator is different than the angle
between the platform and the hypotenuse portion of the
third stress concentrator. In some of these embodiments
the angle between the platform and the hypotenuse por-
tion of the second stress concentrator is within approxi-
mately five degrees of the angle between the platform
and the hypotenuse portion of the third stress concen-
trator. In some of these embodiments, the angle between
the platform and the hypotenuse portion of the second
stress concentrator is equal to the angle between the
platform and the hypotenuse portion of the third stress
concentrator.
[0017] In further embodiments of the still other embod-
iments in which the insert further includes a second wall
originating on the platform and extending away from the

second enclosure, the cap is moveable from a first posi-
tion to a second position. In some of these embodiments
the cap includes a projection originating at the inner sur-
face of the cap and extending toward the insert. In some
of these embodiments the cap includes an arm that orig-
inates at the second wall and extends toward the cap
such that the arm is adapted to impede movement of the
cap via interference with the projection. In some of these
embodiments the arm is adapted to move from a first
orientation to a second orientation to allow movement of
the cap to the second position. In some of these embod-
iments, the arm includes an aperture therethrough. In
some of these embodiments the projection is adapted to
move from a third orientation to a fourth orientation. In
some of these embodiments the arm is positioned rela-
tive to the projection such that the ampule is positioned
to impede flexion of the projection from the third orienta-
tion to the fourth orientation. In some of these embodi-
ments the arm is positioned relative to the projection such
that the ampule is positioned to impede flexion of the arm
from the first orientation to the second orientation.
[0018] A biological sterilization indicator, particularly
one configured in accordance with at least some of the
embodiments described in the two preceding para-
graphs, may be used to perform a method that includes
the steps of exerting an applied force on the biological
sterilization indicator and generating at least five reaction
forces at discrete locations on the ampule.
[0019] As used herein, the term "surface" should be
understood as a feature of an object that forms a bound-
ary of the object.
[0020] As used herein, the term "wall" should be un-
derstood as a feature of an object that forms at least a
portion of a side, top, or bottom, of that object. A wall is
an example of a surface.
[0021] As used herein, the term "abutment surface"
should be understood as a surface of an object that con-
tacts another object.
[0022] As used herein, the term "enclosure" should be
understood as a space or cavity inside an object that is
at least partially defined by surfaces of that object or sur-
faces of other objects contained therein.
[0023] As used herein, the term "insert" should be un-
derstood as an object that is disposed within one or more
enclosures of an object.
[0024] As used herein, the term "void" should be un-
derstood as a feature of an object that is devoid of solid
material and that is bounded by at least a portion of one
surface or wall of the object. A void may provide a pas-
sage through an object. A void may be used to maintain
fluid communication through or around the object.
[0025] As used herein, the term "liquid lock" should be
understood as a blockage in the path of a volume of flow-
ing liquid, the blockage being formed at least in part by
a volume of a stationary gas and/or liquid.
[0026] As used herein, the term "inhibit" should be un-
derstood as reducing the likelihood that an undesired re-
sult, such as formation of a liquid lock, occurs.
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[0027] As used herein, the term "cut" should be under-
stood as a type of void that has been made or that re-
sembles having been made by removing material from
an object. Examples of cuts include features such as
chamfers and bevels.
[0028] As used herein, the term "support" should be
understood as a feature that helps maintain the position
of another feature or object.
[0029] As used herein, the term "leg" should be under-
stood as an elongate member of an object that originates
at and extends away from another feature of that object.
[0030] As used herein, the term "carrier" should be un-
derstood as an object upon which microorganisms and/or
enzymes have been disposed.
[0031] As used herein, the term "applied force" should
be understood as a force exerted by a user directly or
indirectly to an object, with or without the assistance of
another object or device.
[0032] As used herein, the term "reaction force" should
be understood as a force generated by an object subject
to an applied force in response to the applied force, where
at least a component of the reaction force points in a
direction opposite to the direction of the applied force.
[0033] As used herein, the term "stress concentrator"
should be understood as a feature that includes a surface
area configured to exert a reaction force against an object
subject to an applied force, exerted directly or indirectly
on the object, where the surface area configured to exert
a reaction force is less than a surface area of the object
upon which the applied force is exerted.
[0034] As used herein, the term "projection" should be
understood as a feature of an object that originates at
and extends away from a surface of that object.
[0035] As used herein, the term "annular" should be
understood as indicating that a feature has a cross sec-
tion that is at least partially elliptical and/or circular.
[0036] As used herein, the term "friction fit" should be
understood as a coupled relationship between two or
more surfaces that is achieved by friction.
[0037] As used herein, the term "arm" should be un-
derstood as an elongate member of an object that orig-
inates at and extends away from another feature of that
object.
[0038] As used herein, the term "impede" should be
understood as causing at least a partial or temporary
obstruction of movement.
[0039] As used herein, the term "flex" should be un-
derstood as a bending action that occurs in a bendable
object or feature caused by application of a deflective
force to the object or feature.
[0040] As used herein, the term "orientation" should
be understood as an angular attitude of an object or fea-
ture.
[0041] The biological sterilization indicator disclosed
herein is sufficiently robust to survive transportation with-
out ampule breakage or carrier degradation while reduc-
ing the amount of force required to break the ampule by
depressing the cap. The biological sterilization indicator

disclosed herein prevents artifacts, such as pieces of a
broken glass ampule, from entering the second enclo-
sure of the housing, which helps to prevent such artifacts
from introducing error into a measurement of the color
or fluorescence of the growth medium. The biological
sterilization indicator disclosed herein helps to avoid for-
mation of blockages among such artifacts that could im-
pede a desired quantity of the growth medium from con-
tacting the carrier.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] While the specification concludes with claims
which particularly point out and distinctly claim the sub-
ject matter described herein, it is believed the subject
matter will be better understood from the following de-
scription of certain examples taken in conjunction with
the accompanying drawings, in which like reference nu-
merals identify the same elements and in which:

FIG. 1 depicts a side view of a first example embod-
iment of an SCBI;
FIG. 2 depicts an isometric exploded view of the first
SCBI example depicted in FIG. 1;
FIG. 3 depicts a cross-section of the first SCBI ex-
ample depicted in FIGS. 1-2 taken along line A-A of
FIG. 1;
FIG. 4 depicts an isometric view of a first example
embodiment of an insert of the first SCBI example
depicted in FIGS. 1-3;
FIG. 5 depicts an top view of the first example em-
bodiment of the insert of FIG. 4;
FIG. 6 depicts a cross section of the first example
embodiment of the insert of FIGS. 4-5 taken along
line B-B of FIG. 5;
FIG. 7 depicts an isometric view of a second example
embodiment of an SCBI; and
FIG. 8 depicts an isometric view of a second example
embodiment of an insert of the second SCBI exam-
ple depicted in FIG. 7;

DETAILED DESCRIPTION

[0043] The following description sets forth certain illus-
trative examples of the claimed subject matter. Other ex-
amples, features, aspects, embodiments, and advantag-
es of the technology should become apparent to those
skilled in the art from the following description. Accord-
ingly, the drawings and descriptions should be regarded
as illustrative in nature.

I. A Self-Contained Biological Indicator

[0044] Referring to FIGS. 1-3, a self-contained biolog-
ical indicator ("SCBI") 100 is shown. SCBI 100 includes
a housing 102 and a cap 104. Cap 104 includes an inner
surface 106, an outer surface 108, and a projection 112
that has a planar, angled, arcuate, annular, or conical
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shape, or some combination thereof. Cap 104 may fur-
ther include one or more through-holes 110, to assist in
the passage of gasses (e.g., air or sterilant) into or out
from the SCBI. A chemical indicator 196, which may be
a sticker that changes color when exposed to a sterilant,
may be affixed to the cap. Inner surface 106 may addi-
tionally include a curved portion 156. Housing 102 in-
cludes a side wall 114 having an inner side wall 116 and
an outer side wall 118, a bottom wall 120 having an inner
bottom wall 122 and an outer bottom wall 126. Housing
102 further includes a support 130 formed by a constric-
tion of side wall 114. Top end 134 of housing 102 may
define an aperture 132 therethrough, opposite bottom
wall 120. Housing 102 may further be defined by a top
portion 124 and a bottom portion 128 with support 130
disposed therebetween, further defining within housing
102 a first enclosure 136 and a second enclosure 138.
Cap 104 is disposed relative to housing 102 in a first
position and is configured to be movable from the first
position to a second position, as is known in the art of
SCBIs. In the first position (shown in FIGS. 1 and 3), Cap
104 is coupled to housing 102 in a manner in which gases
(e.g., air or sterilant) may move from the surrounding
environment and into the SCBI, or vice versa. In this po-
sition, any through-holes 110 in cap 104 are disposed
above top end 134 such that first enclosure 136 and sec-
ond enclosure 138 are in fluid communication with the
surrounding environment, which permits introduction and
withdrawal of sterilant into and from first enclosure 136
and second enclosure 138 via through-holes 110. Cap
104 may be depressed into a second position relative to
housing 102. In this second position, through-holes 110
are disposed below top end 134 with cap 104 and outer
side wall 118 in a tight-fitting relationship, which obstructs
through-holes 110, effectively sealing the first enclosure
136 and second enclosure 138 from the surrounding en-
vironment.
[0045] SCBI 100 also includes a source of microorgan-
isms or active enzymes, such as carrier 140, which is
impregnated with bacterial spores, other forms of bacte-
ria (e.g., vegetative), and/or active enzymes. Spores from
Bacillus, Geobacillus, and Clostridia species are often
used to monitor sterilization processes utilizing saturated
steam, hydrogen peroxide, dry heat, gamma irradiation
and ethylene oxide. Accordingly, carrier 140 may be im-
pregnated with spores from Bacillus, Geobacillus, and/or
Clostridia species. Carrier 140 may be water-absorbent
and may be formed of filter paper. Sheet-like materials
such as cloth, nonwoven polypropylene, rayon or nylon,
and microporous polymeric materials may also be used.
Non-water absorbent materials are also appropriate for
use, such as metals (e.g., aluminum or stainless steel),
glass (e.g., glass beads or glass fibers), porcelain, or
plastic. Additionally, carrier 140 can be constructed of a
combination of the aforementioned materials. In some
embodiments, carrier 140 rests upon inner bottom wall
122. In some embodiments, carrier 140 may have a thick-
ness of approximately 0.1 to 0.5 millimeters.

[0046] SCBI 100 also includes a frangible glass am-
pule 142, having a first end 143 and a second end 144.
Ampule 142 may contain a liquid growth medium.. The
growth medium should be capable, with incubation, of
promoting growth of any viable microorganisms disposed
on carrier 140. In some embodiments, the growth medi-
um does not promote growth of, e.g., contaminating mi-
croorganisms that were not purposefully disposed on car-
rier 140 because such contaminants could cause a color
or fluorescence change, which could lead to incorrect
determinations of sterilization efficacy. Ampule 142 may
also include, either within or separate from the growth
medium, a growth indicator. The growth indicator may
be an enzyme or dye, e.g., a fluorescent dye, which aids
in detecting growth of surviving microorganisms. The
growth indicator may also be an enzyme substrate sys-
tem, which may be a substance or mixture of substances
that an enzyme may act upon and convert into an en-
zyme-modified product or products. For example, the en-
zyme substrate system may be a fluorogenic substrate
that fluoresces differently than an enzyme-modified prod-
uct produced by a reaction between an enzyme and the
fluorogenic substrate. In some embodiments, the fluor-
ogenic substrate fluoresces little if at all and the enzyme-
modified product fluoresces significantly more than the
substrate.
[0047] SCBI 100 may also include an insert 146, which
is detailed in FIGS. 3-6. Insert 146 may include a platform
148 having a top surface 150, an abutment surface 152,
a bottom surface 153, and one or more side surfaces,
such as lower side surface 154, and upper side surface
155. Insert 146 may also include a tubular wall portion
164 on platform 148 that originates from top surface 150
and/or side surface 154 and extends away from abutment
surface 152. Tubular wall portion 164 may have a hollow-
cylindrical form. The diameter of this cylinder should be
greater than the diameter of ampule 142 such that second
end 144 may be disposed within tubular wall portion 164.
[0048] A first void (or passage) 178, may be disposed
through platform 148. First void 178 may have the form
of a bore that originates in top surface 150 and terminates
in bottom surface 153. A second void (or passage) 188,
may additionally or alternatively be disposed through
platform 148. Second void 188 may have the form of an
angled cut (e.g., chamfer or bevel) that originates, at least
partially, in side surface 154 and terminates, at least par-
tially, in abutment surface 152. Although not shown, void
188 may additionally intersect top surface 150. Insert 146
may include additional instances of void 178 and void
188. For example, in some embodiments, three instanc-
es of void 188 are disposed through platform 148 from
upper side surface 155 to abutment surface 152.
[0049] Insert 146 may also include a leg (or legs) 166
that originates from bottom surface 153 and extends
away from platform 148. Leg 166 has a maximum length
equal to the distance between support 130 and inner bot-
tom wall 122 of housing 102. As shown in FIG. 3, leg 166
has a length that is somewhat less than the distance be-
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tween support 130 and inner bottom wall 122 of housing
102. Leg 166 may have a length that is approximately
0.1 to 1 millimeter less than the distance between support
130 and inner bottom wall 122 of housing 102. Insert 146
may include multiple instances of leg 166. For example,
insert 146 may include three instances of leg 166.
[0050] Insert 146 may also include a protrusion, or
stress concentrator, 170 disposed upon top surface 150
of platform 148. Stress concentrator 170 may have the
form of, e.g., a rounded bump, an angled bump, or a
wedge, such as a triangular wedge. As shown in FIGS.
3-6, stress concentrator 170 has the form of a triangular
wedge. The triangular wedge may have the form of a
right triangle, including a base portion 171, a height por-
tion 172, and a hypotenuse portion 173. Base portion
171 may be coincident with top surface 150 and height
portion 172 may be coincident with upper side surface
155 and/or tubular wall portion 164. In such an embodi-
ment, stress concentrator 170 may function as a gusset
that may strengthen the junction of tubular wall portion
164 and platform 148. Base portion 171 may be disposed
at a first angle α to hypotenuse portion 173. The first
angle α may be acute. The first angle may have a value
between 45° and 85°.
[0051] Insert 146 may additionally include multiple
stress concentrators. For example, in addition to stress
concentrator 170, it may also include a stress concen-
trator 180 and a stress concentrator 190. Like stress con-
centrator 170, stress concentrators 180 and 190 may al-
so each have the form of, e.g., a rounded bump, an an-
gled bump, or a wedge, such as a triangular wedge. As
shown in FIGS. 3 and 5, stress concentrator 180 has a
triangular form and includes a base portion 181, a height
portion 182, and a hypotenuse portion 183. Stress con-
centrator 190 also has a triangular form that includes a
base portion 191, a height portion 192, and a hypotenuse
portion 193. Base portion 181 may be disposed at a sec-
ond angle, β, to hypotenuse portion 183 and base portion
191 may be disposed at a third angle, y, to hypotenuse
portion 193. The second angle and the third angle may
be acute. The second angle and the third angle may have
a value between 45° and 85°. The second angle and third
angle may be equal to each other and to the first angle.
The second angle and third angle may be equal to each
other but unequal to the first angle. The first angle, sec-
ond angle, and third angle may each be unequal to each
other. Insert 146 may be fabricated as an assembly of
multiple components or may be manufactured as a single
component, e.g., by injection molding.
[0052] Insert 146 is disposed within SCBI 100. Specif-
ically, abutment surface 152 of platform 148 rests upon-
or abuts-support 130. Accordingly, abutment surface 152
and support 130 together define a boundary between
first enclosure 136 and second enclosure 138 of housing
102. Leg or legs 166 thus extend into second enclosure
138 and help maintain the position of carrier 140, which
rests on inner bottom wall 122 and should remain there
throughout the SCBI’s life cycle. However, leg or legs

166 being shorter than the distance between support 130
and inner bottom wall 122, they do not contact inner bot-
tom wall 122. Preferably, carrier 140 is sufficiently thin
such that a clearance is also maintained between leg or
legs 166 and carrier 140. Such clearance should help
prevent damage to carrier 140 that otherwise could occur
while the SCBI is being transported from a manufactur-
er’s manufacturing facility to, e.g., a warehouse or a
healthcare facility. Such transportation may be conduct-
ed by e.g., the manufacturer, an agent or employee of
the manufacturer, or a common carrier (e.g., the United
States Postal Service, the United Parcel Service). During
transportation, which likely includes ground transporta-
tion, including by way of a ground-transportation vehicle
such as a truck or a train, the SCBI may be subject to
repeated jostling, caused by, e.g., bumps in roads or train
tracks. This jostling could damage carrier 140 if leg or
legs 166 were to contact carrier 140. In such instances,
the jostling could, for example, cause leg or legs 166 to
bounce repeatedly against carrier 140, which could
cause carrier 140 to wear at any points of contact. In the
worst case, the wear could be sufficient to create holes
in carrier 140. Accordingly, to help prevent such damage,
there should be approximately 0.1 to 0.4 millimeters of
clearance between leg or legs 166 and carrier 140. Ac-
cordingly, following manufacture of SCBI 100, SCBI 100
may be loaded onto a standard shipping vehicle, such
as a truck, and the vehicle may be driven to a destination,
such as a healthcare facility or a warehouse, to transport
SCBI 100 to the destination. Personnel at the destination
may forego inspecting SCBI 100 for damage to carrier
140 based on the increased assurance that carrier 140
is not prone to damage during transportation. In an alter-
native embodiment, legs 166 may include thereon a re-
taining ledge, such as a ring that connects the legs, the
ring having a diameter equal to or approximately equal
to a diameter or a width of carrier 140. The retaining ledge
may be spaced from carrier 140 by up to 0.4 mm. Alter-
natively, it may contact carrier 140 at an outer edge of
carrier 140.
[0053] The position of glass ampule 142 is maintained
within SCBI 100 by insert 146 and cap 104 in its first
position such that ampule 142 does not contact housing
104. Curved portion 156 may assist in maintaining the
position of ampule 142. As shown in FIGS. 1 and 3, a
portion of ampule 142 is disposed within first enclosure
136 and a portion of ampule 142 is disposed above top
end 134 of housing 102 but within cap 104. In first enclo-
sure 136, second end 144 of glass ampule 142 rests
against platform 148, or any one or more of stress con-
centrators 170, 180, and 190, such that second end 144
is disposed within tubular wall portion 164 of insert 146.
Second end 144 of glass ampule 142 may contact stress
concentrator 170 at a first point, stress concentrator 180
at a second point, and stress concentrator 190 at a third
point. First end 143 of ampule 142 is disposed within cap
104. In some embodiments, first end 143 of ampule 142
may contact inner surface 106 of cap 104, and in some
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embodiments, curved portion 156, such that glass am-
pule 142 is constrained from vertical movement by its
contacts with cap 104 and insert 146. In some embodi-
ments, first end 143 of ampule 142 may also be disposed
within projection 112.
[0054] Projection 112 may be configured to form a tight
fit with ampule 142. Where projection 112 is of an annular
form, projection 112 may have a diameter similar to or
equal to the diameter of ampule 142. Accordingly, there
may be a friction fit between ampule 142 and projection
112. Alternatively, the diameter of projection 112 may be
slightly larger than the diameter of ampule 142 to provide
between approximately 0.1 mm and 3 mm of clearance
between the ampule 142 and the projection 112.
[0055] By constraining the position of ends 143 and
144 of ampule 142, the overall position of ampule 142
may be maintained within SCBI 100 until the time a user
desires to use the SCBI, which may help prevent prema-
ture breakage of glass ampule 142, particularly during
transportation from a manufacturing facility to another
site, such as a healthcare facility.
[0056] In use, SCBI 100 is subjected to a sterilization
cycle, preferably alongside medical devices being steri-
lized by the sterilization cycle. Following the sterilization
cycle, a user activates SCBI 100 by applying force to cap
104, either using his or her hand or other body part, and/or
with the assistance of a device adapted to aid the user
in applying force to cap 104. Cap 104, and in some em-
bodiments, curved portion 156, applies at least some of
the force the user exerted on cap 104 to ampule 142,
which generates a reaction force between cap 104 and
top end 143. Ampule 142, via bottom end 144, applies
at least some of the force the user applied to cap 104 to
stress concentrators 170, 180, and 190 of insert 146,
which in turn generates a reaction force between bottom
end 143 and stress concentrators 170, 180, and 190 of
insert 146. Insert 146, via support 130, applies at least
some of the force the user applied to cap 104 to abutment
surface 152, which generates a reaction force between
abutment surface 152 and support 130. Ampule 142, be-
ing fabricated from glass, fractures into glass shards
when the force applied by the user to cap 104 generates
stresses within ampule 142 that are greater than ampule
142 can withstand. Stress concentrators 170, 180, and
190 aid in increasing the stress within ampule 142 for a
given force that the user applies directly to cap 104 and
indirectly to ampule 142 because the surface area of the
points of contact between bottom end 144 of ampule 142
and stress concentrators 170, 180, and 190 is less than
the surface area of cap 104 to which a user applies force
to activate the SCBI and/or less than the surface area of
the points of contact between cap 104, which may include
curved portion 156, and top end 143 of ampule 142.
[0057] Once fractured, ampule 142 is no longer
present to resist the force applied by the user to the cap.
Accordingly, the force applied by the user causes cap
104 to move to a second position in which the cap effec-
tively seals SCBI 100. Insert 146 prevents the glass

shards from entering second enclosure 138 such that
some glass shards settle on platform 148 and the remain-
ing glass shards settle on top of other glass shards.
[0058] The fracturing of ampule 142 also releases
some volumes of the liquid growth medium to flow down-
ward through the shards and through void 178, ultimately
collecting in second enclosure 138. Other volumes of the
liquid growth medium are projected toward inner side wall
116 of housing 102. Some of these volumes impinge up-
on inner side wall 116 and then flow downward to pass
through space between inner side wall 116 and insert
146, ultimately collecting in second enclosure 138.
[0059] Voids 178 and 188 provide openings through
which fluids such as the growth medium, gases (e.g.,
air), vapors, and sterilant may flow. These openings func-
tion as passages that help maintain fluid communication
within housing 102 between first enclosure 136 and sec-
ond enclosure 138. Specifically, void 178 helps maintain
fluid communication through insert 146 and void 188
helps maintain fluid communication along the side of in-
sert 146, between wall 164 and inner side wall 116 of
housing 102.
[0060] Voids 178 and 188 may further facilitate the flow
of liquid growth medium into second enclosure 138 by
way of reducing the impedance to the downward flow of
the liquid growth medium otherwise caused by the glass
shards, platform 148, and the gas within second enclo-
sure 138 that must be displaced for the liquid growth me-
dium to enter. Voids 178 and 188 reduce the likelihood
that gas within second enclosure 138 may become
trapped by volumes of the liquid growth medium that pool,
e.g., between pieces of glass shards, which could pre-
vent displacement of the gas within second enclosure
138 and, correspondingly, prevent the full volume of the
liquid growth medium from entering second enclosure
138. This mechanism, referred to herein as a "liquid lock,"
could result in maintaining a volume of the liquid growth
medium in the first enclosure, away from carrier 140,
which could prevent a successful culture of any microor-
ganisms on carrier 140 that may have survived the ster-
ilization cycle, which could in turn increase the likelihood
of an erroneous determination of the cycle’s efficacy.
[0061] The likelihood of a liquid lock forming is further
reduced, or inhibited, by allowing volumes of liquid the
growth medium to impinge, largely unobstructed, upon
inner side wall 116 above support 130 because the sur-
face area of inner side wall 116 that the liquid may initially
wet is maximized, which allows a greater volume of the
liquid to flow downward along inner side wall 116, instead
of through the concentration of glass shards that collect
upon insert 146. By reducing the volume of the liquid that
flows over and through the concentration of shards, the
likelihood that liquid may pool between pieces of the
shards and form a liquid lock is minimized.
[0062] As noted, after ampule 142 is broken, glass
shards that were once ampule 142 collect upon platform
148 of insert 146 to remain in first enclosure 136, while
the liquid growth medium collects in second enclosure
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138. At this point, the user incubates SCBI 100 using an
incubator device as is known in the art to encourage out-
growth of surviving microorganisms. Following incuba-
tion, the liquid growth medium in second enclosure 138
may be assayed to determine whether any microorgan-
isms may have survived the sterilization cycle. Because
second enclosure 138 does not include glass shards
within the liquid growth medium, the glass shards do not
foul the accuracy of any readings taken visually or by
color or fluorescence sensors. Accordingly, the reliability
of a determination of the efficacy of the sterilization cycle
is improved over a similar determination based on an
assay of a mixture of liquid growth medium and glass
shards.

II. Structures that Facilitate Ampule Breakage

[0063] A user applies force to cap 104 in order to ac-
tivate SCBI 100 and break glass ampule 142. The amount
of force the user must apply to cap 104 may be minimized
by providing structures within SCBI 100 that concentrate
the user-applied force onto small areas of glass ampule
142 as compared to distributing the resistive force over
larger areas of glass ampule 142. Referring to FIGS. 1-4,
insert 146 includes stress concentrators 170, 180, and
190. Glass ampule 142 rests upon these stress concen-
trators. Specifically, second end 144 of glass ampule 142
contacts stress concentrator 170 at a first point, stress
concentrator 180 at a second point, and stress concen-
trator 190 at a third point. Accordingly, force applied to
cap 104 causes reaction pressure to be concentrated at
these three points. Because pressure equals force divid-
ed by surface area (P = F / A), for a given force, pressure
is inversely proportional to surface area. Thus, reactive
pressure is maximized by minimizing the surface area
that resists the force that cap 104 applies to ampule 142.
The three points thus maximize the reactive pressure
against the glass ampule. Although, in theory, one or two
points may result in a greater reactive pressure, in some
embodiments three points of contact may be used in or-
der to maintain the position of ampule 142 as described
above.
[0064] As noted, stress concentrators 170, 180, and
190 need not be identical. For example, although they
may each have a triangular form, the angle between their
respective base portions (171, 181, 191) and hypotenuse
portions (173, 183, 193) may differ somewhat. When
these angles differ, the resistive forces applied by stress
concentrators 170, 180, and 190 to ampule 142 are ap-
plied asymmetrically. It is believed that this asymmetric
application of force causes an increase in the stress gen-
erated in ampule 142, thereby reducing the amount of
force the user must apply to cap 104 in order to break
ampule 142.
[0065] A further asymmetry between the forces may
be achieved in those embodiments where inner surface
106 of cap 104 contacts ampule 142 in an asymmetric
manner. For example, as seen in FIG. 3, curved portion

156 contacts first end 143 on the left side 105 of first end
143, but not on the right side 107 of first end 143. Ac-
cordingly, a downward force applied by the user to cap
104 results in cap 104 imparting a force to ampule 142
that includes a lateral component.
[0066] In embodiments employing stress concentra-
tors 170, 180, and 190, ampule 142 may be broken fol-
lowing the application of an applied force to cap 104 that
generates at least four resistive forces at discrete loca-
tions upon ampule 142. These resistive forces occur at
least where ampule 142 contacts: (1) inner surface 106
of cap 104, which in some embodiments includes curved
portion 156, (2) stress concentrator 170, (3) stress con-
centrator 180, and (4) stress concentrator 190.
[0067] Referring to FIGS. 7-8, another embodiment of
the technology is shown. SCBI 200 includes insert 246,
a housing 202, and a cap 204. Insert 246 includes a tu-
bular wall portion 264. Originating from tubular wall por-
tion 264 is an arm (or finger) 251. Arm 251 has a top
portion 253 and a bottom portion 255. Bottom portion 255
is disposed upon and connected to tubular wall portion
264. Arm 251 is fabricated from a semi-rigid material,
such as plastic, and has a thickness such that arm 251
may flex when subject to compressive and/or lateral
force. For example, when a lateral force is applied to top
portion 253, arm 251 may laterally flex about bottom por-
tion 255 where arm 251 connects to tubular wall portion
264. Arm 251 may be hollow or have one or more chan-
nels or apertures disposed therein to reduce the amount
of force required to cause arm 251 to deflect. The chan-
nels or apertures may also help prevent arm 251 from
blocking the liquid growth medium from impinging on in-
ner side wall 216 when ampule 242 is broken, which is
important for minimizing the likelihood of a liquid lock, as
explained above with respect to SCBI 100. Insert 246
may be fabricated as an assembly of multiple compo-
nents or may be manufactured as a single component,
e.g., by injection molding.
[0068] Cap 204 includes a projection 212 that has a
planar, angled, arcuate, annular, or conical shape, or
some combination thereof. As shown in FIG. 7, arm 251
is configured in a manner whereby top portion 253 of arm
251 is disposed in proximity of projection 212. In some
embodiments, top portion 253 may contact projection
212. In other embodiments, there may be approximately
0.1 mm to 5 mm of lateral and/or vertical clearance be-
tween top portion 253 and projection 212.
[0069] SCBI 200 functions similarly to SCBI 100, but
less force may be applied to cap 204 of SCBI 200 in order
to break glass ampule 242 than may be applied to cap
104 of SCBI 100 in order to break glass ampule 142 be-
cause of arm 251. In use, when a user applies force to
cap 204, arm 251 impedes movement of cap 204 by way
of interference because arm 251 is an obstruction in the
path of projection 212. Arm 251 is not a complete ob-
struction, however, because it may flex about its connec-
tion to tubular wall portion 264 toward inner side wall 216
from a first orientation to a second orientation. In some
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configurations, the flexion of arm 251 is limited by inner
side wall 216. As cap 204 is depressed by application of
an applied force thereto, a lateral force caused by arm
251 impeding the motion of projection 212 acts on pro-
jection 212, causing projection 212 to flex or pivot from
a third orientation to a fourth orientation. Accordingly, pro-
jection 212 applies a lateral reaction force to glass am-
pule 242. In so doing, glass ampule 242 impedes the
movement of cap 204 and projection 212, and any reac-
tion forces generated at points where ampule 242 con-
tacts other components of the SCBI are exerted asym-
metrically upon ampule 242 until the stresses within am-
pule 242 become sufficiently large to break it. As with
insert 146, insert 246 may include multiple stress con-
centrators. For example, a first stress concentrator 270
is visible in FIG. 8. In some embodiments of insert 246,
three stress concentrators may be employed, similar to
insert 146. It is believed that this asymmetric application
of force causes an increase in the stress generated in
ampule 242, thereby reducing the amount of force the
user must apply to cap 204 in order to break ampule 242.
[0070] In embodiments employing first stress concen-
trator 270, a second stress concentrator, a third stress
concentrator, and arm 251, ampule 242 may be broken
following the application of an applied force to cap 204
that generates at least five reaction forces at discrete
locations upon ampule 242. These reaction forces occur
at least where (1) top portion 243 of ampule 242 contacts
cap 204, (2) ampule 242 contacts first stress concentrator
270, (3) ampule 242 contacts the second stress concen-
trator, (4) ampule 242 contacts the third stress concen-
trator, and (5) arm 251 deflects stress concentrator 212
into ampule 242.
[0071] The relative positions of arm 251 and projection
212 may be reversed such that projection 212 is closer
to inner side wall 216 than arm 251 and such that arm
251 contacts ampule 242 to help maintain its position
within housing 202. In this configuration, when cap 204
is depressed, projection 212 applies a lateral force to arm
251, which in turn applies a lateral force to glass ampule
242.
[0072] It should be understood that any of the exam-
ples and/or embodiments described herein may include
various other features in addition to or in lieu of those
described above. The teachings, expressions, embodi-
ments, examples, etc. described herein should not be
viewed in isolation relative to each other. Various suitable
ways in which the teachings herein may be combined
should be readily apparent to those of ordinary skill in
the art in view of the teachings herein.
[0073] Having shown and described exemplary em-
bodiments of the subject matter contained herein, further
adaptations of the methods and systems described here-
in may be accomplished by appropriate modifications
without departing from the scope of the claims. Some
such modifications should be apparent to those skilled
in the art. For instance, the examples, embodiments, ge-
ometrics, materials, dimensions, ratios, steps, and the

like discussed above are illustrative. Accordingly, the
claims should not be limited to the specific details of struc-
ture and operation set forth in the written description and
drawings.
[0074] The invention is further defined by way of the
following numbered statements.

1. A biological sterilization indicator comprising:

(a) a housing having a first enclosure and a sec-
ond enclosure;
(b) an ampule containing a liquid growth medi-
um, wherein at least a portion of the ampule is
disposed inside the first enclosure; and
(c) an insert disposed at least partially in the first
enclosure, the insert having

(i) a platform including a top surface, an
abutment surface, and a side surface,
(ii) a first void disposed in the platform and
configured to allow passage of a first volume
of the liquid growth medium into the second
enclosure, and
(iii) a second void disposed through at least
a portion of the side surface and configured
to allow passage of a second volume of the
liquid growth medium into the second en-
closure.

2. The biological sterilization indicator of statement
1, wherein the second void of the insert is an angled
cut through the abutment surface and the side sur-
face.
3. The biological sterilization indicator of statement
2, wherein the angled cut of the insert is disposed
entirely beneath the top surface.
4. The biological sterilization indicator of any of state-
ments 1 to 3, wherein the insert further includes a
wall disposed on the top surface of the platform.
5. The biological sterilization indicator of statement
4, wherein the wall has a cylindrical form.
6. A method of using a biological sterilization indica-
tor comprising:

(a) providing the biological sterilization indicator,
the biological sterilization indicator comprising

(i) an ampule containing a liquid growth me-
dium, and
(ii) an insert disposed at least partially inside
a first enclosure of the biological sterilization
indicator, the insert having
a platform including a top surface, an abut-
ment surface, and a side surface,
a first void disposed through the platform
and configured to allow passage of a first
volume of the liquid growth medium into the
second enclosure, and
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a second void disposed through at least a
portion of the side surface and configured
to allow passage of a second volume of the
liquid growth medium into the second en-
closure;

(b) breaking the ampule;
(c) allowing passage of the first volume of the
liquid growth medium through the first void; and
(d) allowing passage of the second volume of
the liquid growth medium through the second
void.

7. The method of statement 6 further comprising in-
hibiting a liquid lock from forming.
8. A biological sterilization indicator comprising:

(a) a housing having an inner side wall, an inner
bottom wall, a first enclosure, a second enclo-
sure, and a support in the inner side wall, where-
in the first enclosure is disposed above the sup-
port, and the second enclosure is disposed be-
tween the inner bottom wall and the support;
(b) an ampule, at least a portion of which is dis-
posed inside the first enclosure, the ampule hav-
ing a first end and a second end;
(c) a cap having an inner surface and an outer
surface, the cap disposed on a portion of the
housing that includes at least a portion of the
first enclosure;
(d) a carrier disposed on the inner bottom wall;
and
(e) an insert having

(i) a platform including a top surface and an
abutment surface, wherein the second end
of the ampule is disposed on the top surface
and the abutment surface is disposed on
the support, and
(ii) a leg that extends toward the inner bot-
tom wall, the leg having a length that is less
than the distance between the support and
the inner bottom wall such that there is a
clearance between the carrier and the leg.

9. The biological sterilization indicator of statement
8, wherein the length of the leg is between approxi-
mately 0.1 and 2 millimeters less than the distance
between the support and the inner bottom wall.
10. The biological sterilization indicator of statement
8 or statement 9, wherein the top surface of the plat-
form includes at least three stress concentrators and
the second end of the ampule contacts each of the
at least three stress concentrators.
11. The biological sterilization indicator of any of
statements 8 to 10, wherein the cap further includes
an annular projection originating on the inner surface
and extending toward the second enclosure of the

housing, the first end of the ampule being disposed
within the annular projection.
12. The biological sterilization indicator of statement
11, wherein the first end of the ampule is coupled to
the annular projection by a friction fit.
13. The biological sterilization indicator of statement
11 or statement 12, wherein the ampule has an an-
nular cross section with an outer diameter that is
between approximately 0.1 and 1 millimeters less
than an inner diameter of the annular projection.
14. The biological sterilization indicator of any of
statements 8 to 13, wherein the inner surface of the
cap contacts the first end of the ampule.
15. A biological sterilization indicator comprising:

(a) a housing having a first enclosure, a second
enclosure, and a first wall including a support
disposed between the first enclosure and the
second enclosure;
(b) an ampule, at least a portion of which is dis-
posed inside the first enclosure, the ampule hav-
ing a first end and a second end;
(c) a cap having an inner surface and an outer
surface, the cap disposed on a portion of the
housing that includes at least a portion of the
first enclosure; and
(d) an insert having

(i) a platform, the platform disposed upon
the support, and
(ii) a first stress concentrator, a second
stress concentrator, and a third stress con-
centrator, each disposed on the platform
and each in contact with the second end of
the ampule.

16. The biological sterilization indicator of statement
15, wherein the insert further includes a second wall
originating on the platform and extending away from
the second enclosure.
17. The biological indicator of statement 16, wherein
the first stress concentrator, second stress concen-
trator, and third stress concentrator each have a tri-
angular form including a base portion, a height por-
tion, and a hypotenuse portion, and wherein each
base portion contacts the platform, each height por-
tion contacts the second wall, and each hypotenuse
portion contacts the second end of the ampule.
18. The biological sterilization indicator of statement
17, wherein the angle between the platform and the
hypotenuse portion of the first stress concentrator is
different than the angle between the platform and
the hypotenuse portion of the second stress concen-
trator.
19. The biological sterilization indicator of statement
17 or statement 18, wherein the angle between the
platform and the hypotenuse portion of the first stress
concentrator is different than the angle between the
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platform and the hypotenuse portion of the third
stress concentrator, and the angle between the plat-
form and the hypotenuse portion of the second stress
concentrator is different than the angle between the
platform and the hypotenuse portion of the third
stress concentrator.
20. The biological sterilization indicator of any of
statements 17 to 19, wherein the angle between the
platform and the hypotenuse portion of the second
stress concentrator is within approximately five de-
grees of the angle between the platform and the hy-
potenuse portion of the third stress concentrator.
21. The biological sterilization indicator of statement
20, wherein the angle between the platform and the
hypotenuse portion of the second stress concentra-
tor is equal to the angle between the platform and
the hypotenuse portion of the third stress concentra-
tor.
22. The biological sterilization indicator of any of
statements 15 to 21, wherein the cap is moveable
from a first position to a second position, the biolog-
ical sterilization indicator further comprising:

(a) a projection originating at the inner surface
of the cap and extending toward the insert; and
(b) an arm originating at the second wall and
extending toward the cap, the arm adapted to
impede movement of the cap via interference
with the projection, the arm further adapted to
move from a first orientation to a second orien-
tation to allow movement of the cap to the sec-
ond position.

23. The biological sterilization indicator of statement
22, wherein the arm includes an aperture there-
through and wherein the projection is adapted to
move from a third orientation to a fourth orientation.
24. The biological sterilization indicator of statement
23, wherein the arm is positioned relative to the pro-
jection such that the ampule is positioned to impede
flexion of the projection from the third orientation to
the fourth orientation.
25. The biological sterilization indicator of any of
statements 22 to 24, wherein the arm is positioned
relative to the projection such that the ampule is po-
sitioned to impede flexion of the arm from the first
orientation to the second orientation.
26. A method of activating a biological sterilization
indicator comprising:

(a) providing the biological sterilization indicator,
the biological sterilization indicator comprising
a housing, a cap, an ampule, and an insert,
wherein the cap includes an inner surface and
a projection originating at the inner surface and
extending toward the insert,
wherein the insert includes at least three stress
concentrators and an arm extending toward the

cap, and
wherein a first end of the ampule is disposed
within the cap and wherein a second end of the
ampule rests on the at least three stress con-
centrators;
(b) exerting an applied force on the biological
sterilization indicator; and
(c) generating at least five reaction forces at dis-
crete locations on the ampule.

27. A biological sterilization indicator comprising:

(a) a housing having a first enclosure and a sec-
ond enclosure;
(b) an ampule adapted to contain a liquid growth
medium, wherein at least a portion of the ampule
is disposed inside the first enclosure; and
(c) an insert disposed at least partially in the first
enclosure, the insert having

(i) a platform including a top surface, an
abutment surface, and a side surface,
(ii) a first void disposed in the platform and
configured to allow passage of a first volume
of the liquid growth medium into the second
enclosure, and
(iii) a second void disposed through at least
a portion of the side surface and configured
to allow passage of a second volume of the
liquid growth medium into the second en-
closure.

28. The biological sterilization indicator of statement
27, wherein the second void of the insert is an angled
cut through the abutment surface and the side sur-
face.
29. The biological sterilization indicator of statement
28, wherein the angled cut of the insert is disposed
entirely beneath the top surface.
30. The biological sterilization indicator of any of
statements 27 to 29, wherein the insert further in-
cludes a wall disposed on the top surface of the plat-
form.
31. The biological sterilization indicator of statement
30, wherein the wall has a cylindrical form.

Claims

1. A biological sterilization indicator comprising:

(a) a housing having a first enclosure and a sec-
ond enclosure;
(b) an ampule containing a liquid growth medi-
um, wherein at least a portion of the ampule is
disposed inside the first enclosure; and
(c) an insert disposed at least partially in the first
enclosure, the insert having
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(i) a platform including a top surface, an
abutment surface, and a side surface,
(ii) a first void disposed in the platform and
configured to allow passage of a first volume
of the liquid growth medium into the second
enclosure, and
(iii) a second void disposed through at least
a portion of the side surface and configured
to allow passage of a second volume of the
liquid growth medium into the second en-
closure.

2. The biological sterilization indicator of claim 1,
wherein the second void of the insert is an angled
cut through the abutment surface and the side sur-
face.

3. The biological sterilization indicator of claim (iii),
wherein the angled cut of the insert is disposed en-
tirely beneath the top surface.

4. The biological sterilization indicator of any of claims
1 to 2, wherein the insert further includes a wall dis-
posed on the top surface of the platform.

5. The biological sterilization indicator of claim 3,
wherein the wall has a cylindrical form.

6. A method of using a biological sterilization indicator
comprising:

(a) providing the biological sterilization indicator,
the biological sterilization indicator comprising

(i) an ampule containing a liquid growth me-
dium, and
(ii) an insert disposed at least partially inside
a first enclosure of the biological sterilization
indicator, the insert having
a platform including a top surface, an abut-
ment surface, and a side surface,
a first void disposed through the platform
and configured to allow passage of a first
volume of the liquid growth medium into the
second enclosure, and
a second void disposed through at least a
portion of the side surface and configured
to allow passage of a second volume of the
liquid growth medium into the second en-
closure;

(b) breaking the ampule;
(c) allowing passage of the first volume of the
liquid growth medium through the first void; and
(d) allowing passage of the second volume of
the liquid growth medium through the second
void.

7. The method of claim 5 further comprising inhibiting
a liquid lock from forming.

8. A biological sterilization indicator comprising:

(a) a housing having a first enclosure and a sec-
ond enclosure;
(b) an ampule adapted to contain a liquid growth
medium, wherein at least a portion of the ampule
is disposed inside the first enclosure; and
(c) an insert disposed at least partially in the first
enclosure, the insert having

i. a platform including a top surface, an abut-
ment surface, and a side surface,
ii. a first void disposed in the platform and
configured to allow passage of a first volume
of the liquid growth medium into the second
enclosure, and
iii. a second void disposed through at least
a portion of the side surface and configured
to allow passage of a second volume of the
liquid growth medium into the second en-
closure.

9. The biological sterilization indicator of claim 8,
wherein the second void of the insert is an angled
cut through the abutment surface and the side sur-
face.

10. The biological sterilization indicator of claim 9,
wherein the angled cut of the insert is disposed en-
tirely beneath the top surface.

11. The biological sterilization indicator of any of claims
8 to 10, wherein the insert further includes a wall
disposed on the top surface of the platform.

12. The biological sterilization indicator of claim 11,
wherein the wall has a cylindrical form.

13. A biological sterilization indicator comprising:

(a) a housing having an inner side wall, an inner
bottom wall, a first enclosure, a second enclo-
sure, and a support in the inner side wall, where-
in the first enclosure is disposed above the sup-
port, and the second enclosure is disposed be-
tween the inner bottom wall and the support;
(b) an ampule, at least a portion of which is dis-
posed inside the first enclosure, the ampule hav-
ing a first end and a second end;
(c) a cap having an inner surface and an outer
surface, the cap disposed on a portion of the
housing that includes at least a portion of the
first enclosure;
(d) a carrier disposed on the inner bottom wall;
and
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(e) an insert having

(i) a platform including a top surface and an
abutment surface, wherein the second end
of the ampule is disposed on the top surface
and the abutment surface is disposed on
the support, and
(ii) a leg that extends toward the inner bot-
tom wall, the leg having a length that is less
than the distance between the support and
the inner bottom wall such that there is a
clearance between the carrier and the leg.

14. The biological sterilization indicator of claim 13,
wherein the length of the leg is between approxi-
mately 0.1 and 2 millimeters less than the distance
between the support and the inner bottom wall.

15. A biological sterilization indicator comprising:

(a) a housing having a first enclosure, a second
enclosure, and a first wall including a support
disposed between the first enclosure and the
second enclosure;
(b) an ampule, at least a portion of which is dis-
posed inside the first enclosure, the ampule hav-
ing a first end and a second end;
(c) a cap having an inner surface and an outer
surface, the cap disposed on a portion of the
housing that includes at least a portion of the
first enclosure; and
(d) an insert having

(i) a platform, the platform disposed upon
the support, and
(ii) a first stress concentrator, a second
stress concentrator, and a third stress con-
centrator, each disposed on the platform
and each in contact with the second end of
the ampule.
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